ancer disparities are associated with a broad range of social determinants of health 1 that are related to exposure to stressors in high-risk, underserved populations. [2] [3] [4] [5] [6] In this article, concepts linking stress, biological sequelae, and putative effects on cancer risk profiles are related to examples drawn from populations served by three National Cancer Institute-funded CNPCs.
example, is linked with a higher risk for many diseases and health practices. [12] [13] [14] [15] Social position is a strong predictor of disease risk, even after accounting for factors that comprise socioeconomic status. 16, 17 Lower social position is thought to contribute to increased stress and to observed differences in disease incidence [18] [19] [20] as well as to survival. 21, 22 Psychosocial stressors can contribute to susceptibility to chronic diseases, including cancer. [23] [24] [25] Specifically, socially disadvantaged groups experience these impacts owing to their increased exposure to chronic unpredictable, uncontrollable stressors across the life span. 15, 26 Marginalized groups may suffer from stressor overload, exhaustion of endogenous and exogenous coping mechanisms, 27 and contextual demands that exceed their adaptive capacity. 15, 28 Unhealthy behaviors, such as smoking, alcohol and drug abuse, poor diet/overeating, and sedentary behavior, are common high-risk coping responses to stressful situations 29 that
can increase cancer risk. [30] [31] [32] Low-grade inflammation, caused by the release of inflammatory cytokines and adipokines from central adipose tissue, is another effect 33, 34 and dysregulated cortisol responses are a primary product of stress reactivity in relation to adiposity. [35] [36] [37] Chronic maladaptive coping, depressive symptomology, and "sickness behavior" [38] [39] [40] [41] among populations exposed to chronic stress may alter neuropsychological, immune, and endocrine function along the hypothalamic-pituitary-adrenal axis that may, in turn, affect cancer prevention, incidence, and survival. 11 For instance, "sickness behavior" and, similarly, depression, which are associated with lethargy, inability to concentrate, and reduction in self-care behaviors, can be induced by stress-related increases in proinflammatory cytokines' (e.g., interleukin-6, tumor necrosis factor-α) effects on the brain. 42 Other stress-related behaviors, such as a preference for sweet 43, 44 and/or high-fat 45 foods, are thought to be mediated by cortisol and may be associated with abdominal adiposity, 46 a risk factor for several cancers. 47 Circadian disruption and chronobiological dysregulation often accompany stress. 48 Individuals in low-control, highstress jobs 49 often work at odd hours of the day, 50 ) and to experience poorly timed ambient light exposures 60, 61 and poor sleep quality. 58, 62 Discrimination functions as both a chronic 63, 64 and acute stressor, 65 producing mental and physical health effects. 66 Several studies show that discrimination is associated with increased levels of stress, risky health behaviors, and poor mental and physical health outcomes among racial and ethnic minorities. 67 Allostatic load refers to the cumulative impact of health risks owing to repeated or prolonged stress over the course of a person's life that can lead to increased risk of disease. 18, 68, 69 This cumulative effect results in dramatically earlier onset of biological aging or "weathering" associated with increased cancer risk in minorities, with the strongest evidence in African Americans. [70] [71] [72] Although the terms for describing the problem may vary from population to population, and between high-risk communities and academe, the role of stress in health is well appreciated across populations. Community-based participatory research (CBPR) provides a means for engaging with high-stress groups in designing research studies that would lead to practicable solutions to reduce stress. These could include interventions aimed directly at stress reduction, or at other lifestyle-related behaviors that are thought to reduce stress. There are many viable alternatives to randomized, controlled trials, which are probably inappropriate for such behavioral interventions in any event. These alternatives include randomizing before consent, single-arm, and selfselection study designs.
exAmPles
To illustrate possible relationships between stress and cancer issues, we focus on three minority groups represented in the 23 CNPCs-African Americans, Latinos, and Native
Hawaiians. All CNPCs use CBPR methods to engage communities to address cancer-related health disparities. 73 
African Americans in south carolina
The genotype of most African-American South Carolinians can be traced to purposeful selection of West African agrarian populations on the "Rice Coast" or the "Windward Coast," in the "Gambia" and "Sierra Leone." [74] [75] [76] Seventeenth-century South Carolina planters unfamiliar with rice cultivation used African slaves' rice cultivation skills to develop large plantations. 77, 78 This led to creation of a lucrative market for "Rice Coast" slaves. [74] [75] [76] [77] 79 Besides there being a Black majority in South Carolina, 80 two other factors contributed to the retention of African culture and health behaviors [81] [82] [83] : 1) plantation hypersegregation between Whites and Blacks and 2) geographic, topographical, and climactic similarity to the African "Rice Coast."
As the South Carolina Slave Codes were instigated and cotton replaced rice as the dominant crop, slaves' diets became more controlled by plantation owners. 84 Preservative salt added to the diet of a highly sodium-responsive population could add to the stressors of slavery by inducing exaggerated neural responses to stress. [85] [86] [87] Unpredictable, uncontrollable violence, lack of control over personal health decisions, physical exhaustion, and environmental stressors also accompanied this shift in Deep South slave-holding practices, 88 which resulted in the loss of stress-buffering cultural traditions.
89,90
The lingering effects of racism include psychosocial stress [91] [92] [93] and "downstream" effects on factors that have implications for cancer, such as inflammation 94 and sleep disturbances. 95 Indeed, we found that, in a population of overweight and obese African-American churchgoers experiencing racism, there were very high levels of C-reactive protein, a marker of systemic inflammation, that decreased with an intervention that included stress reduction. 96 In another study we found that African-American Medicaid recipients with type II diabetes (a condition known to be related to inflammation and stress) had an elevated risk of colorectal cancer, beyond that of diabetic European Americans. 97 Historical factors provide the backdrop to current stressors, which may produce epigenetic effects 98 for the descendants of African Slaves. 26 Epigenetic effects among African Americans in South Carolina occur not only through diet, allostatic overload, and destruction of adaptive social ties, 99 but also through chronic poverty and chronic unpredictable, uncontrollable exposure to contextual stressors. 98 In other work, we demonstrated that skin 114 and high rates of obesity and diabetes, 113, 115, 116 are all known cancer risk factors. 97, 117, 118 The SCCDCN recognizes that economic development undergirds social, environmental, and health-related justice.
Our work with churches, as cited, and other community partners is predicated on making connections with social and economic structures in which the community operates to pro- Respondents reported exposure to several types of perceived racism, including discrimination based on race/ethnicity, language, and legal status. The most common settings in which discrimination occurred were at work and in local businesses.
Coping responses to perceived racism included ignoring it, avoiding it, talking with someone about it, and praying.
Respondents reported health effects of perceived racism and other stressors, including problems sleeping, changes in diet and physical activity, and increased alcohol use. In a study examining Hispanic agricultural workers and Hispanic nonagricultural workers, differences in perceived stress were examined (unpublished data provided by B.
Thompson). Agricultural workers were more likely to experience stress in all five stress categories (work, community, family, psychological, and acculturation) that influenced their well-being compared with nonagricultural workers.
Specifically, as stress increased, well-being, as measured by the World Health Organization Well-Being Index, decreased.
The Well-Being Index includes mental well-being, physical well-being, sleep disturbances, and interest in daily life.
The data indicate that the underserved Hispanic population is subject to chronic stressors that have an impact on health, including chronic diseases. More work is needed to understand this phenomenon in the population, and ways to alleviate the stress should be identified and tested using rigorous methods. were strongly opposed by Native Hawaiians. 134 Many scholars postulate that the health and well-being of Native Hawaiians were adversely affected by the U.S.
occupation of Hawai'i and its compulsory acculturation process. [135] [136] [137] [138] [139] Today, Native Hawaiians have a much greater prevalence of obesity (44%), diabetes (20%), depression (13%), cigarette smoking (27%), and alcohol and drug abuse (26%) than do NHWs and other ethnic groups in the state. 140 Native
Hawaiians are more likely to work in low-paying jobs and to be undereducated, incarcerated, and living in poorer conditions than are other ethnic groups in Hawai'i. 141 These conditions manifest in a much shorter life expectancy for Native
Hawaiians, as compared with Chinese, Japanese, Korean, Filipino, and NHW residents. In short, by working with communities, rather than imposing the will of culturally different groups, we have an opportunity to prevent and control cancer in a way that is meaningful for the populations we are trying to reach. When cancer prevention and control interventions are part of a group's culture, they are more likely to engage the group. Such efforts may contribute to the reduction of cancer disparities among the underserved.
The World Health Organization Commission on Social
Determinants of Health provides several strategies for taking action on social determinants of health. 17, 158 Approaches include creating policies that reduce oppressed groups' vulnerability to the health effects of social inequality and prevent the unequal health consequences of social inequality. Strategies that use this approach involve increasing racial/ethnic minorities' resources to deal with stressors, such as efforts to increase community empowerment or encourage positive coping strategies, which may reduce the negative health effects of stress. What we have shown is that race/ethnicity-related stress operates through two, related pathways: 1) through direct proinflammatory, epigenetic, or other biological processes that can exert toxic effects and 2) through unhealthy coping lifestyles and behaviors that are themselves risk factors for cancer. The history of public health has shown that improving the economic circumstances of individuals can have a ripple effect through a variety of processes such as stress reduction, increased opportunities to improve diet and physical activity, and better access to health care. 159, 160 
